Abstract Background: Pharmacy practice guidelines promote the role of community pharmacies in selfmonitoring of blood glucose. However, variations between Dutch pharmacies exist in the proportion of patients to whom test strips are dispensed. Objective: To assess whether variations between community pharmacies in dispensing of blood glucose test strips can be explained by differences in patient characteristics and the region in which the pharmacy is located. Setting: PHARMO-Record Linkage System containing drug dispensing histories from 40 community pharmacies of about 450,000 patients in the Netherlands. Method: We performed a retrospective cohort study. Data on prescription of all drugs and medical aids between 1991 and 2001 were extracted for all new users of antidiabetic drugs. Patients were excluded if the dispensing history did not allow classification of the type of diabetes or if the dispensing pharmacy could not be determined. The data were analysed using a Cox proportional hazard model. Main outcome measure: Time to first test strips dispensed. Results: We identified 8,233 starters of antidiabetic drugs. During a median follow-up of 2.1 years, 20% of the patients were dispensed test strips at least once. Community pharmacy was significantly associated with the dispensing of test strips after adjustment for patient characteristics. This association was less apparent when stratified for the geographical location of the pharmacy. Conclusion: Community pharmacy is an independent determinant of the start of use of test strips. Differences in dispensing of test strips between pharmacies are dependent on geographical region. This suggests that implementing practice guidelines for diabetes care in community pharmacy requires different approaches in different regions.
Diabetes is a chronic illness that requires continuing medical care and patient self-management to prevent acute complications and to decrease the risk of longterm complications. Reducing hyperglycemia has been shown to be an important factor in the prevention of diabetic complications [1, 2] . Besides pharmacological treatment, education on self-management of diabetes is considered an integral component of all diabetes care plans [3, 4] .
An important aspect of self-management is the selfmonitoring of blood glucose (SMBG). SMBG enables both type 1 and type 2 diabetic patients to achieve and maintain specific individual glycemic goals [5] . National and international pharmacy practice guidelines recognise this and promote the role of community pharmacy in supporting patients performing SMBG [6] [7] [8] [9] .
In a previous study, we found large differences in the rate of dispensing of test strips among pharmacies in the Netherlands [10] . This finding may indicate that not all pharmacies are able to implement the guidelines to the same extent. However, community pharmacies may differ substantially in their diabetic patient population (i.e., age, proportion of type 1 versus type 2 patients). It has been shown that patient characteristics are determinants of test strip use [11, 12] . Furthermore, regional differences may also be important to consider when comparing the diabetes care process. This is underscored by the results of the studies by Arday et al., who examined variation in diabetes care among states in the US. Variations in, for example, the rate of annual HbAlc-testing, were significantly reduced when adjusted for differences in patient characteristics. Still, much variability remained unexplained, which might be due to differences in state characteristics [13] .
In this study, we assess whether variations between community pharmacies in dispensing of blood glucose test strips can be explained by patient characteristics and regional effects. Differences between pharmacies are important to study in order to identify barriers in dispensing of test strips which in turn may help to design and guide interventions to improve quality of diabetes care.
Methods

Setting
We used data from the PHARMO-Record Linkage System (RLS) covering the period 1991-2001. The PHARMO-RLS has been described in detail elsewhere [14, 15] . In brief, the system includes pharmacy dispensing records from community pharmacies linked to hospital discharge records of all 450,000 communitydwelling residents of nine population-defined areas in the Netherlands from 1985 onwards. Since most patients in the Netherlands are registered with a single community pharmacy, independent of prescriber, pharmacy records are virtually complete with regard to prescription drugs. Medical aid dispensing records may be less complete, because SMBG-equipment can be dispensed without a prescription. Still, a prescription is necessary for remuneration of test materials. Hence, in most cases dispensing of test strips is recorded in the patient's medication history.
Drug use was coded according to the Anatomical Therapeutic Chemical (ATC) classification index of the World Health Organization. Since not all pharmacies use the standard index for SMBG-equipment, a patient's complete dispensing history was reviewed. Dispensing records of test strips were selected based on the text description in the label-field together with the number of units dispensed.
Study design and population
We performed a retrospective cohort study among new users of antidiabetic drugs. All diabetes mellitus patients who filled at least two prescriptions of an antidiabetic drug (ATC-codes A10A or A10B) in the period of 1991-2001 were included in this study. Patients with less than 365 days of medication history before the first prescription of an antidiabetic drug were excluded (non-incident patients). Patients with gestational diabetes, defined as women younger than 50 years using insulin for less than 210 days with no prescription of an antidiabetic drug for at least 1 year after discontinuing insulin treatment, were also excluded. Type 1 diabetes mellitus was defined as at least two prescriptions of insulin, no more than one prescription of an OHA and not older than 50 years at the start of insulin therapy. Type 2 diabetes mellitus was defined as at least two prescriptions of an OHA. A similar definition was used in previous studies with data from the PHARMO-RLS [16] . Patients of whom the type of diabetes could not be classified were excluded.
Data collection
Of all patients in the study population (n=8,233), the dispensing histories of drugs and diabetes test materials were extracted from the database from the period of January 1991 until December 2001. Retrievable information per prescribed drug and medical aid included date of dispensing, drug name, dosage, number of prescribed dosage units and dispensing pharmacy. Patient information included gender and year of birth.
For all patients, the number of prescriptions of antidiabetic drugs per pharmacy was determined. Patients who collected antidiabetic drugs in two or more pharmacies were only included if they visited one of those pharmacies on at least three occasions to collect an antidiabetic drug. Furthermore, the patient had to fill at least 85% of all antidiabetic drug prescriptions in that pharmacy. The dispensing pharmacy was defined as the pharmacy in which the patient collected the most prescriptions of antidiabetic drugs.
From the dispensing records, the type of antidiabetic drug treatment (oral hypoglycemic agents, insulin or both) was recorded as a time-dependent variable.
Furthermore, data on use of chronic co-medication in the year prior to the first prescription of antidiabetic drug was collected. Use of co-medication was defined as at least one prescription of a drug in the year before the index date.
Analysis
Follow-up started at the first prescription of an antidiabetic drug and lasted until the first test strip was dispensed or at the end of follow-up, whichever came first. The Cox proportional hazard model was used to determine the association between the determinants and the time to the first test strip dispensed. The effect of dispensing pharmacy was analysed separately by introducing it to a hazard model containing all patient characteristics. Finally, we assessed whether the effect of dispensing pharmacy was modified by the geographical region in which the pharmacy was located. The hazard ratio of dispensing pharmacy was determined using one pharmacy as reference. This pharmacy's patient population showed the least deviation from the mean age, the total number of patients and the mean proportion of men. In the stratified analysis for geographical region, the reference pharmacy was the pharmacy with the most incident users of antidiabetic drugs in that region.
Analyses were performed using S-PLUS 6 Professional Edition for windows, release 2.
Results
A total of 18,128 patients in the study population filled at least two prescriptions of antidiabetic drugs between January 1991 and December 2001. After exclusion of non-incident users and patients with gestational diabetes, the number of incident users of antidiabetic drugs was 8,878. Ninety-four patients were excluded, because data did not allow classification of the dispensing pharmacy. Furthermore, another 551 patients were excluded because the type of antidiabetic drug treatment could not be determined (224 patients with a total of less than three prescriptions of antidiabetic drugs, all dispensed on the same day; 227 patients who filled at least two prescriptions of insulin, did not receive OHAs and were 50 years or older at start of follow-up). 
Regional effects on dispensing of test strips in community pharmacy
Variation in time to the first test strip dispensed between pharmacies in one region, was considerably less than between pharmacies in different regions (Fig. 1) . This indicates that the differences between dispensing pharmacies after adjusting for patient characteristics may also be dependent on the region.
When stratified for region, dispensing pharmacy improves the model in only two out of six regions (P<0.001 and P=0.012). In these two regions, there were three pharmacies in which the chance of receiving test strips compared to the reference pharmacy, was statistically significantly different (data not shown).
Discussion
We found that 20% of all incident users of antidiabetic drugs ever received test strips through community pharmacies during a median follow-up of 2.1 years. After adjusting for variation in diabetic patient population, differences between pharmacies in dispensing test strips remained. These differences became less apparent when we stratified for geographical region, suggesting that the role of the community pharmacy is significantly modified by the regional structure of care for patients performing self-monitoring.
Several patient characteristics were significantly associated with test strip use. As expected from practice guidelines [5] , we found that the type of antidiabetic treatment was most strongly associated with collecting test strips. Type 1 patients were dispensed test strips almost five times more often than patients using only OHAs, but less often than type 2 patients using insulin in combination with OHAs. We also observed that insulin using type 2 patients were more likely to start using test strips compared to type 1. Our observations were in accordance with previous studies using frequency of SMBG as an outcome [11, 12, 17, 18] , although comparative data on the effect of age and gender were inconclusive. Arday et al. found large variations in diabetes care between US states, that remained after adjustment for characteristics of state residents [13] . Although we performed our study in much smaller geographical areas, we observed a similar regional effect. Regional variation in rates of health care interventions is not restricted to diabetes care. Geographical variation has also been reported in, for example, treatment of acute myocardial infarction and surgical procedures such as knee arthoplasty [19, 20] . Although many different explanations for these geographic variations are proposed, it is believed that much variability is associated with differences in individual clinical practice [21] . SMBG among insulin users nears 100%, making physicians, preferences a relative unimportant factor. However, practice differences in the distribution of testing materials could be relevant. In our study, region correlates well with different hospital referral areas. The key decision maker in choice of self-monitoring equipment-diabetes nurse specialist-is often located in the hospital setting. Their practice pattern, for example based on collaboration with a certain supplier of testing materials, would affect dispensing of test strips of all community pharmacies within the referral area.
In some regions, we still observed significant differences between dispensing pharmacy in the use of test strips after adjustment for variation in patient population. This suggests that pharmacy characteristics may have an effect on the proportion of test strip users. Although we had no additional information of these characteristics, previous studies report for example physical lay-out of the pharmacy, computer support, knowledge and competence as well as lack of time and reimbursement as barriers to implementation of pharmaceutical care activities [22, 23] .
In the Netherlands, patients can acquire test strips through other distribution channels than community pharmacies, such as mail order or from diabetes nurses in specialised clinics. Since type 1 patients-in contrast to type 2 patients-are almost always treated by a specialist, the structure of diabetes care may differ. Therefore, it is possible that type 1 patients are less likely to receive test strips in a community pharmacy. This would result in a relatively higher probability of test strips dispensed to type 2 patients. The third party distribution also explains the finding that only one out of five patients receive test strips through community pharmacy. Moreover, the low proportion of test strip use may also be explained by the inclusion of incident patients only and a median follow-up of 2.1 years.
The lack of information on distribution of test strips through other channels does not affect the generalisability of our study. Since we are interested in differences between pharmacies, it is not necessary to have data on every patient using test strips. Moreover, from reports of the Foundation of Pharmaceutical Statistics (SFK) we estimate that about 60% of the costs of SMBG are made in the community pharmacy, suggesting that our data still represent a large proportion of test strip users [24] .
A limitation of our study is the relative low proportion of type 1 patients. Of all prevalent cases of diabetes in the Netherlands, about 10-15% have type 1 diabetes [25] . This discrepancy is due to the definition of an incident patient: at least 1 year of dispensing history before the first antidiabetic drug prescription is filled. Since type 1 patients have in general less comorbidity at the date of diagnosis and are younger at time of diagnosis, they are less likely to be included as incident patient than type 2 patients. This lowers the proportion of type 1 patients in the study population.
However, if we had included prevalent users of antidiabetic drugs, misclassification of insulin users would have occurred, because about 25% of all type 2 patients use only insulin therapy to control their hyperglycemia. Moreover, the association between type of antidiabetic treatment and use of test strips is not likely to be influenced by this exclusion of some type 1 patients. For the observed differences between pharmacies, this would be even less important.
Since diabetic patients visit a pharmacy on an average of five to six times per year, community pharmacists are well placed to educate patients on diabetes. Dispensing of test strips provides an opportunity to support the patient with the complicated process of SMBG. Furthermore, pharmacist-led intervention programs, including education and training of SMBG skills, showed a decrease in HbA1c-values attributed to the pharmaceutical care services [26] [27] [28] [29] [30] . Moreover, because of the observed differences between pharmacies, not all may experience the same barriers in dispensing of test strips. Since about 60% of all Dutch community pharmacies are owned by an individual pharmacist [31] , this implies a significant effect of region-specific factors in the structure and process of the activities of the individual pharmacists.
For practice research, our findings suggest that the external validity of studies into dispensing of test strips might be limited if geographical variation is not taken into consideration. This might be true for other community pharmacy activities, especially those in which other health care providers also play a role. Therefore, it is important for studies on pharmaceutical care activities to include a representative sample of community pharmacies.
Although our study implies that regional characteristics are important in dispensing of test strips, our dataset did not provide information to further investigate these factors. Future research should focus on elucidation of key factors in the dispensing process of testing material. This would facilitate the evidencebased implementation of diabetes care activities in community pharmacy.
Conclusion
In conclusion, differences between pharmacies in the rate of dispensing of test strips are independent of differences in patient characteristics among pharmacies. However, this association depends on the geographical region of the pharmacy. Therefore, implementing practice guidelines for diabetes care in community pharmacies, will require different approaches in different regions. This study also underscores the complexity of determining relevant quality indicators for providing support to patients practising SMBG.
